day" and "diet and exercise" as factors contributing to variation in serum constituents (1, 2) . In this paper we present data, from the same group of healthy subjects, on the effects on the values for the serum constituents of various postures and a moderately prolonged tourniquet application at the time blood is sampled.
Methods and Materials

Subjects and Experimental Design
The same 1 1 healthy men presented in a preceding study (1 ) were used as subjects in these experiments.
The blood-drawing schedule, posture regimen, and the tourniquet challenge are presented in Table 1 . On six days during a 16-day period in November, about 30 ml of blood was drawn from the subjects at 1'100 h and again at 1130 h. The subjects had fasted for at least 14 h before the 1100-h sample.
On day 1 both venipunctures were done on the same arm; on the rest of the days the second sample was drawn from the opposite arm. The blood drawing was usually sampled as follows (except for the 1130-h samples on day 5 and day 6): The subjects sat erect in a chair, their feet were flat on the floor and their arms were extended with the forearms resting on a desktop; their fingers were relaxed and not flexed. A rubber tourniquet was applied for 15-30 s by a technologist experienced in the venipuncture procedure. She then inserted an 18-gauge needle into one of the antecubital veins. The blood was allowed to fall into test tubes by gravity, the two tubes (15-ml capacity each) were filled to about 90-95% capacity. These duplicate blood specimens were uniquely labeled and processed as described below. On day 5 the 1 130-h sample was taken after the tourniquet was first applied for 3 mm. 
Processing of Blood Samples and Analytical Methods
All blood specimens were centrifuged within 2 h of venipuncture at (3000 rpm, 15 mm), the sera were separated from the packed cells without delay, and the separated sera were stored at -20 #{176}C. All sera were analyzed on the same occasion on the day fol- 
Statistical Methods
Effect of Posture
To evaluate the effect of posture on the value of a laboratory quantity, the ratio of the sample values for the 1130-h and 1100-h samples was computed for each subject on the posture control day (day 2) as well as on each of days 3, 4, and 6. The ratios for day 3, d#{224}y 4, and day 6 were then subtracted from that for the control day (day 2), when the students sat erect 15 mm before the second venipuncture.
Thus, three sets of differences were obtained-for evaluating the effect of standing, prolonged sitting, and lying horizontally, respectively. In each of the three comparisons the t -test was used to test if the mean value of the differences differed significantly from zero (P < 0.05).
Effect of Tourniquet Application
In an anajogous manner the effect of a 3-mm tourniquet application was evaluated.
Here the ratio of the 1130-h to the 1100-h value on day 4 (tourniquet control day) was subtracted from the ratio of the 1130-h to the 1100-h value on day 5 (prolonged tourniquet application day). In addition the ratio of day 4
was compared with the ratio of day 1 (minimal tourniquet application day, when the two venipunctures were performed on the same arm). 
Results
Effect of Posture
Effect of Tourniquet Application
Discussion
It has become increasingly apparent that the blood-sampling procedure may contribute considerably more variation to measurement of serum constituents than the sum total of variation in the instru- by the fact that these elements are protein-bound. It should be noted that for bilirubin and iron, both of which are protein-bound, the 1130-h value was higher than the 1100-h value after standing but the differences were not statistically significant.
The 30 mm of lying supine on day 6 resulted in a significant decrease in total protein, albumin, aspartate aminotransferase, and acid phosphatase, all of which are nonfiltrable proteins and therefore are in decreased concentration because of an influx of water into the plasma compartment. The change in calcium can be explained on the basis of its binding to albumin. The general changes in plasma water secondary to postural stresses were investigated by Fawcett and Wynn (7). The changes here correspond to those that would be predicted on the basis of these differences in plasma water. The effects of postural changes on serum
variates that took place in our group of healthy young men would be expected to be dramatically increased for patients with significant water overload. Eisenberg noted a change of 7.95% in plasma water (standing vs. supine) in healthy subjects (1 7) but a 16% difference in plasma volume in patients with hypoalbuminemia attributable to Laennec's cirrhosis and 13 .2% in patients with hypertension but with normal serum albumin values (18 ) . Day 6 simulates the situation when the patient (subject) is hospitalized and it is contrasted to day 2 when the subject is ambulatory. From Table 1 it should be evident that we are really comparing a day when the volunteers were in supine position for 30 mm and one when they first were taken approximately every 40 s. The deviations of the values of tubes 3 to 8 as compared to the average initial value were calculated as percentage change and plotted vs. time after taking the second tube of blood. Figures 1 and 2 show representative values. Albumin and calcium increase very quickly, within 40 5, the increase of albumin being about twice that of calcium. The stability of serum urea attests to its filterability.
In Figure 2 , the dramatic increase in aspartate aminotransferase cannot be explained on the basis of hemoconcentration alone but is probably also related to muscle cell breakdown and enzyme release into the extracellular space. The time course of total protein, cholesterol, and total lipids is similar to that of albumin, with an increase noted within 40 s.
The factors of posture and tourniquet application contribute significantly to the intra-individual variation of serum constituents.
The results on our group of healthy young adults imply that the blood-sampling process cannot be disregarded as a factor in the total precision and quality control of chemical analyses. In striving to produce more and more precise data, the chemistry laboratory must control the blood-drawing procedure very carefully, if any future advancement in instrumental precision is not to be offset by imprecision in the blood-sampling process. In addition to general body posture and application of tourniquet, the level of the elbow relative to the level of the atrium, the position of the arm (flexed or extended), and posture of the hand (open hand or clenched fist) mu3t be taken into account in prescribing a well-defined method for venipuncture (15, 18) .
The subtle differences among different technicians, medical students, or physicians in their techniques of venipuncture should also be investigated. The effects of the size of the venipuncture needle, the flow rate of the blood, and the use of gravity vs. vacuum contamer on the variation of serum constituents must be evaluated as carefully as one would examine the precision of a dilutor or photometer for a particular instrument in the laboratory.
